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Abstract
OBJECTIVE: This work aims to observe the effects
of electroacupuncture on brain-derived neuro-
trophic factor (BDNF) mRNA expression in mouse
hippocampus following cerebral ischemia-reperfu-
sion injury.
METHODS: The models of mouse cerebral isch-
emia-reperfusion injury were established. A total
of 96 healthy mice were randomly assigned into
4 groups, namely, the sham surgery, model, mod-
el + electroacupuncture, and mode + hydergine
groups. Mice in the model + electroacupuncture
group were treated through electroacupuncture
at the Shenshu (BL 23), Geshu (BL 17), and Baihui
(GV 20) acupoints. Mice in the model+hydergine
group were intragastrically administered with hy-
dergine (0.77 mg/kg-1·day-1). The levels of BDNF
mRNA expressions in the hippocampus were ana-
lyzed through a semi-quantitative reverse transcrip-
tion-polymerase chain reaction assay on days 1 and
7 after the surgeries.
RESULTS: BDNF mRNA expressions in the mouse
hippocampus of the model group on days 1 and 7
after the surgery were higher than those of the
sham surgery group (both P<0.01). On days 1 and 7
of the electroacupuncture treatment, BDNF mRNA
expression in the mouse hippocampus of the mod-
el + electroacupuncture group was significantly ele-
vated compared with the model group (both P<
0.01) or the model + hydergine group (both P<
0.01). On days 1 and 7 of the hydergine treatment,
BDNF mRNA expression in the mouse hippocam-
pus of the model + hydergine group tended to in-
crease compared with the model group; however,
statistical significance was not achieved (both P>
0.05).
CONCLUSION: Electroacupuncture treatment en-
hances endogenous BDNF expression, which may
improve the survival environment for intracerebral
neurons and inhibit the apoptosis of hippocampal
cells.
© 2013 JTCM. All rights reserved.
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INTRODUCTION
Cerebral ischemia-reperfusion injuries induce apopto-
sis in neural cells1 and result in hippocampal injury.2-6
Brain-derived neurotrophic factor (BDNF) can inhibit
neuronal apoptosis through its negative feedback regu-
lation of superoxide dismutase (SOD), glutathione per-
oxidase (GSH),7 N-methyl-D-aspartic acid (NMDA)
receptor,8 calmodulin kinase IV (CaMK IV) and its
mRNA,9 B cell lymphoma/lewkmia-2 (Bcl-2), Bcl-2 as-
sociated X protein gene (Bax),10 and caspase-3 after ce-
rebral ischemia.11, 12 The electroacupuncture treatment
has the potential to relieve cerebral ischemia-reperfu-
sion injuries13 and provide neuroprotection by interfer-
ing with the expression of multiple apoptosis genes
such as c-fos,14 heat shock protein 70 (HSP70),15 Bcl-2
and Bax,16 inhibiting the apoptosis of hippocampal17
and cortical cells,14-16 as well as preventing spinal neuro-
nal apoptosis in rat models.18 In the present study, the
expression of BDNF mRNA in mouse hippocampus af-
ter cerebral ischemia-reperfusion injury was detected
and analyzed through a reverse transcription-poly-
merase chain reaction (RT-PCR) assay to explore the
potential mechanism of electroacupuncture in regulat-
ing the apoptosis-survival balance of hippocampal cells
through the BDNF pathway.
MATERIALS ANDMETHODS
Drugs and reagents
The drugs and reagents used in the current work in-
clude the following: hydergine (co-manufactured by
Huajin Pharmaceutical Factory of Tianjin, China and
Beijing Novartis Pharma Ltd., Beijing, China), Trizol
(Invitrogen Corporation, Carlsbad, United States),
DEPC (Diethylpyrocarbonate) (Sigma Inc., Saint Lou-
is, United States), RT reagents, PCR reagents, and
DNA marker (TaKaRa Holdings Inc., Kyoto, Japan);
and PCR amplification primer (SBS Genetech Co.,
Ltd., Beijing, China).
Experimental animals
A total of 96 healthy male Kunming mice, weighing
25-28 g, were provided by the Experimental Animal
Center of Hebei Medical University (Certificate No.:
Experimental Animal Center of Hebei Province,
601050).
Experimental design
The mice were randomly assigned into 4 groups, name-
ly, the sham surgery, model, model + electroacupunc-
ture and model + hydergine groups, with 24 mice in
each group, after being housed at 18℃ to 22℃ for 1
week (12 h day/12 h night light cycle in a clean-grade
animal laboratory). The mouse models of cerebral isch-
emia-reperfusion were established. Mice in the model
+ electroacupuncture group were treated through elec-
troacupuncture at the Shenshu (BL 23), Geshu (BL
17), and Baihui (GV 20) acupoints based on the meth-
ods described in prior studies.19-20 The mice in the mod-
el + hydergine group were intragastrically administered
hydergine at a dose of 0.77 mg/kg-1·day-1. The elec-
troacupuncture or hydergine treatment was initiated af-
ter recovery on the same day of surgery. Afterwards,
the mice were treated once daily until the RT-PCR as-
say was performed.
Material collection
A total of 12 mice were randomly selected from the sur-
vivors in each group, 6 on day 1 and 6 on day 7, after
surgery. The selected mice were decapitated, and the
entire brain was quickly removed and placed on ice.
The hippocampus was separated and then quickly
transferred into liquid nitrogen and stored in an ul-
tra-low temperature freezer.
Extraction of total RNA
The total RNA samples were extracted. First, 50-100 mg
of the stored tissue was transferred into a homogenizer.
An appropriate amount of Trizol was added for homog-
enization until the homogenate became transparent
and particle-free. Next, the homogenate was trans-
ferred into a new centrifuge tube and incubated for 5min
at room temperature. The homogenate at 12 000 rpm
for 5 min at 4℃ was centrifuged. The supernatant was
transferred into another centrifuge tube, and 1/5 vol-
ume of chloroform was added. The mixture was shak-
en well and was incubated for 5 min at room tempera-
ture. The mixture was centrifuged at 12 000 rpm for
15 min at 4℃ . The supernatant was transferred into a
centrifuge tube to which an equal volume of isopropa-
nol was added. The mixture was mixed well and incu-
bated for 10 min at room temperature. Then, the mix-
ture was centrifuged at 12 000 rpm for 10 min at 4℃.
When white small pellets formed by RNA appeared on
the wall and at the bottom of the tube, the supernatant
was discarded, and 1 mL 75% ethanol was added,
which was then centrifuged at 12 000 rpm for 5 min at
4℃. The supernatant was then discarded and the RNA
pellets were rinsed 2 to 3 times. The RNA pellets were
dried for 5 to 10 min on an aseptic bench. Finally, the
RNA pellets were re-suspended in a 50μL DEPC-treat-
ed double-distilled water, and were heated at 55℃ to
60℃ for 10 min to fully dissolve the pellets. A propor-
tion of the dissolved RNA with TE Buffer was diluted
and the A values at 260 nm and 280 nm were read in
an ultraviolet spectrophotometer. An A260/A280 ratio
of 1.8 to 2.0 was considered "clean" or "pure" in this
setting, which was valid for further analysis. The total
RNA concentration was calculated as A260 × dilution
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multiple × 0.04 (μg/μL), and then adjusted to a con-
centration of 1 μg/μL before utilization.
RT-PCR
An amount of 2 μg of the total RNA was transferred
into a tube containing RT reaction system (including
an M-MLV buffer, dNTPs, Oligo dT primer, M-MLV
Rtase, rnase inhibitor, and others), and DEPC-treated
water was added to supplement the reaction solution
to a volume of 50 μL. The mixture was shaken well,
and the tube was briefly centrifuged. A small amount
of mineral oil was added, and the samples were heated
on a PCR amplifier at 42℃ for 60 min (cDNA synthe-
sis), and then at 94℃ for 5 min (inactivation of reverse
transcriptase). The samples were stored at－20℃.
Amplification primers of PCR
The BDNF primer sequences included upstream:
5-'TCGCTTCATCTTAGGAGT-3'; downstream: 5'-
TCAACATAAACCACCAAC-3'; amplified fragments:
445 bp; and β-actin (beta-actin) primer sequences in-
cluded; upstream: 5-'GCTGTCCCTGTAGCCTCT-
3'; downstream: 5'-ATGTCACGCACGATTTCC-3';
and amplified fragments: 219 bp.
Reaction system and reaction conditions for PCR
An amount of 50 μL reaction system containing Taq
DNA polymerase, dNTP, loading dye, stabilizer, reac-
tion buffer, reversed transcription reaction product, up-
stream and downstream primers, and others was shak-
en well and briefly centrifuged. A small amount of min-
eral oil was added, and the samples were placed on a
PCR machine for amplification with BDNF at 94℃
for 3 min, at 94℃ for 45 s, at 54℃ for 45 s, at 72℃
for 75 s×30 cycles, and extension step at 72℃ for 10
min; and with β-actin at 94℃ for 3 min, at 94℃ for
45 s, at 60℃ for 45 s, at 72℃ for 1 min×30 cycles, and
extension step at 72℃ for 10 min.
Semi-quantitative analysis
An amount 6 μL of the amplified products of each
sample were electrophoresed in 1% agarose gels con-
taining GV nucleic acid dye (GoldViewTM). DNA
marker (DL2000) was used as the standard molecular
weight. The gels with amplification fragments were vi-
sualized and photographed through a UV transillumi-
nator. The electrophoretic bands were analyzed using
the BIO-PROFIF Gel Image Analysis System
Bio-1D ++ Analysis Software (Viber Lourmat Inc.,
F-77202 Marne-la-Vallée Cedex 1, France). The elec-
trophoretic band of β-actin was used as an internal ref-
erence, and the result was expressed as the absorbance
ratio to the reference β-actin.
Statistical analysis
Experimental data were expressed as mean ± standard
deviation ( xˉ ±s), and statistical analysis was performed
using the SPSS for Windows software (version 11.5;
SPSS Inc, Chicago, IL, USA). Comparisons between
groups were performed using the single-factor analysis
of variance. Student-Newman-Keuls test was used for
pairwise comparisons to solve for the homogeneity of
variance among the groups, and the Tamhane's T2 test
was used to solve for the heterogeneity of variance. P<
0.05 and 0.01 were considered statistically significant.
RESULTS
Expression of BDNF mRNA in the mouse
hippocampus of each group
Expression levels of the BDNF mRNA in the mouse
hippocampus of each group on days 1 and 7 after the
surgeries are shown in Figure 1. Figure 1 shows that re-
gion A represents the internal reference β-actin and
that region B represents BDNF. The M (DNA marker)
bands from top down in both regions are 100, 250,
500, 750, 1000 and 2000 bp respectively.
Semi-quantitative analysis of BDNF mRNA expres-
sions in the mouse hippocampus of each group
The results of the semi-quantitative analysis of BDNF
mRNA expressions in the mouse hippocampus of each
group on days 1 and 7 after the surgeries were com-
pared. The results are shown in Table 1.
Table 1 shows that BDNF mRNA expressions in the
mouse hippocampus of the model group on days 1 and
7 after that surgeries are higher than that of the sham
surgery group (both P<0.01). BDNF mRNA expres-
sion in the mouse hippocampus of the model + elec-
troacupuncture group is significantly elevated as com-
pared with the model group (both P<0.01) or the mod-
el + hydergine group (both P<0.01) on days 1 and 7 of
the electroacupuncture treatment. BDNF mRNA ex-
pression in the mouse hippocampus of the model + hy-
dergine group tended to increase compared with the
model group on days 1 and 7 of the hydergine treat-
ment, but statistical significance was not achieved
(both P>0.05).
Figure 1 Expression levels of the BDNF mRNA in the mouse
hippocampus of each group
M: DNA marker; 1: sham surgery group; 2: model group,
day 1; 3: model+electroacupuncture group, day 1; 4: mod-
el+hydergine group, day 1; 5: model group, day 7; 6: mod-
el+electroacupuncture group, day 7; 7: model+hydergine
group, day 7.
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DISCUSSION
The animal studies indicate that the BDNF in adult
rats supports the survival of the basal forebrain cholin-
ergic neurons, promotes neuronal differentiation and
survival, and inhibits brain injuries induced by cerebral
ischemia and hypoxia.21 During the process of cerebral
ischemia injury, BDNF inhibits neuronal apoptosis
through its negative feedback regulation. An elevated
level of BDNF after the cerebral ischemia-reperfusion
injury is a protective response, and BDNF expression
level is positively correlated with the ability to prevent
local neuronal damages.22 The negative feedback regula-
tion of BDNF is initiated mainly through the follow-
ing pathways: 1) BDNF can downregulate the func-
tions of NMDA receptors and inhibit the toxicities of
excitatory amino acids,8 2) BDNF improves the activi-
ties of antioxidant enzymes in the cells and stimulates
the repair of cells by inhibiting free radical injuries,7 3)
BDNF may affect calcium flux by regulating the ex-
pression of the calcium channel proteins on the cell
membrane and may maintain the homeostasis of intra-
cellular calcium through the expression of neuropep-
tides;23 and 4) BDNF regulates the expression of neuro-
nal genes through upstream element-like transcription-
al factors, including c-fos, c-jun, Bcl-2 and Bax, and in-
hibits cell apoptosis and necrosis.10 This effect is proba-
bly produced by a post-translational mechanism,
which induces an elevated expression of tyrosine kinase
B (trkB) receptors. BDNF after binding to trkB may
activate the intracellular signaling pathways, such as
phospholipase Cy (PLCy), rat sarcoma-mitogen-activat-
ed protein kinase (Ras-MAPK) and phosphatidylinosi-
tol-3-kinase (PI3K) pathways, to generate the corre-
sponding molecules to protect neurons and promote
the regeneration of neurons.24 Furthermore, the bind-
ing between trkB receptors and BDNF may activate ty-
rosine kinases, resulting in the phosphorylation of tyro-
sine proteins as well as multiple other proteins, such as
PLCγ and PI3K. Subsequently, pathways such as
RAS-MAPK, which is associated with the proliferation
and differentiation of cells,25 are activated by PLCγ,
and the activation of PI3K mainly exerts pro-survival
functions.11
BDNF protects neurons, promotes the survival of neu-
rons, and facilitates their regeneration after injuries.
Neural cells in the hippocampus dentate gyrus and sub-
ventricular zone can be regenerated, and BDNF levels
are correlated with the activity of cell regeneration. Pen-
cea et al 26 found that the te25 BDNF dramatically in-
creases the number of neural cells in the parenchyma
of the striatum, thalamus, and hypothalamus in adult
rats, as well as promote neurogenesis especially in the
hippocampus. The risk of developing neuropathy in
heterozygous BDNF knockout mice is also significant-
ly reduced when compared with wild type mice.27
The electroacupuncture treatment is capable of pro-
moting BDNF mRNA expression in the hippocampus
of mice following cerebral ischemia-reperfusion injury,
protecting neurons from injuries, and inhibiting the
apoptosis of hippocampal cells.16,17 On days 1 and 7 af-
ter surgery, BDNF mRNA expression levels in the
mouse hippocampus of the model group and the num-
ber of apoptotic hippocampal cells significantly in-
creased17 with a much higher apoptotic rate.16 BDNF
mRNA expression also significantly elevated after elec-
troacupuncture treatment, but the number of apoptot-
ic hippocampal cells decreased17 with a much lower
apoptotic rate,16 thereby indicating that electroacupunc-
ture may stimulate the expression of endogenous
BDNF, inhibit apoptosis, and improve the survival en-
vironment for intracerebral neurons. Prior studies also
revealed that electroacupuncture stimulation at the
Shuigou (GV 26) and Baihui (GV 20) acupoints in rat
models with middle cerebral artery occlusion) increases
BDNF expression inside the brain.28 Moreover, elec-
troacupuncture at the Baihui (GV 20), Shenshu (BL
23), and Zusanli (ST 36) acupoints in rat models with
global cerebral ischemia-reperfusion increases BDNF
mRNA expression in the hippocampus.29 Both results
are consistent with our findings.
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